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T T^ BW7YMt ; PT^?PPT?r- therapy 

The present: invention relates to gene directed enzyme prodrug 
therapy (GDEPT) and its use in the treatment of disease, including 
tumours . 

A therapeutic approach termed "virus-directed enzyme prodrug 
therapy" (VDEPT) has been proposed as a method for treating tumour 
cells in patients using prodrugs. Tumour cells are targeted with 
a viral vector carrying a gene encoding an enzyme capable of 
activating a prodrug. The gene may be transcriptionally regulated 
by tissue specific promoter or enhancer sequences. The viral 
vector enters tumour cells and expresses the enzyme, in order that 
a prodrug is converted to an active drug within the tumour cells 
(Huber et al, Proc. Natl. Acad. Sci. USA (1991) 8039). 
Alternatively, non-viral methods for the delivery of genes have 
been used. Such methods include calcium phosphate co- 
precipitation, microinjection, liposomes, direct DNA uptake, and 
receptor-mediated DNA transfer. These are reviewed in Morgan fi 
French Anderson, Annu. Rev. Biochem. , 1993,52:191. The term 
"GDEPT" (gene-directed enzyme prodrug therapy) is used to include 
both viral and non-viral delivery systems. 

A number of different enzymes have been proposed as being suitable 
for use in GDEPT therapy. In general, the enzymes have been 
selected to be compatible with prodrugs which are known to be 
effective against the tumour type being treated. It is also 
important for the success of GDEPT that the drug is capable of 
entering the cell. 

The enzyme crboxypeptides. 02 (CP02) he. been pcpoMd for u.e in 
«,tibody-Direct.d Enzyme Prodrug Therapy (ADEPT) ^ 
combination «ith . number of type, of prodrug., f"' "^"°!^ 

muetard prodrug.. In ADEPT, the prodrug i. activated 
cell or on the cell surface, and thu. the prodrug was believ^ to 
have no .ignificant ability to enter the cell. Also the prodrug 
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conl:ains the hydrophilic glutamic acid. It has now «-n>risingly 
been found that such prodrugs not only enter the cell 
activated intracellularly by CPG2. Furthermore, following 
activation in the cell, the drugs exhibit an effective bystander 
effect Where surrounding cells are also killed by activated drug. 



Plftr,1ogwrg fff m Invent i pn. .™««.4«„ thus 

in order to overcome these problems, the present invention thus 
provides a two component system for gene-directed enzyme prodrug 
therapy which comprises: (a) a vector which encodes a 
carboxypeptidase which is expressed within a cell; and (b) a 
prodrug which can be converted into an active drug by said 
carboxypeptidase. The enzyme is preferably a bacterial 
carboxypeptidase, especially carboxypeptidase CPG2 (SEQ ID No. 1) 
or fafiUdSOSnaa y-glutamylhydrolase EC3,4.22.12 (Levy CC * Goldman 
p J. Biol. Chem. 2A2.S p2933 (1967). 

The vector may be a RHA or DNA vector. It may be derived from a 
viral vector, including any suitable vector available in the art 
for targeting tumour cells. 

The invention also provides the system of the invention for use in 
a method of treatment of a patient, and a method of treating a 
tumour in a patient in need of treatment which comprises 
administering to said patient an effective amount of a vector 
encoding a carboxypeptidase and a prodrug capable of being 
converted by said enzyme to an active drug. 

Bi-ief De«>^T-<ption of thp pr flvinqg 

analysis. NIH3T3 cells were transfected with MLV^plink (lane 1) 
or with MLVCPG2* (lane 2). The cells were extracted into buffer 
A and samples of each were electrophoresed in 10%w/v polyacrylamide 
gels! transferred to nitrocellulose and probed with a CPG2 specific 
polyclonal antibody. The position of migration of CPG2* is shown 
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and the positions of migration of standard molecular mass markers 
(in kDa) are shown to the left of the figure. (B) CPG2 enzyme 
activity assay. The cell extracts from part (A) were analysed by 
CPG2 enzyme activity assay. sample numbers correspond to lane 
numbers from part (A). The enzyme activity is expressed in 
arbitrary units, relative to buffer controls. 



Figure 2. Cytotoxicity assay NZH3T3 cells were transfected with 
MLV^plink (samples 1, 3) or MLVCPG2* (lanes 2, 4). Forty -two hours 
after transf action, the cell's were treated with CMDA prodrug 
vehicle as a control (lanes 1, 2) or with CMDA prodrug for 24 hours 
(lanes 3, 4). After a recovery period, the cells were passaged 
into fresh tissue culture dishes and after three days, the 
viability of the cells determined by measuring [methyl-^H] thymidine 
incorporation. The amount of incorporated thymidine is shown in 
terms of dpm for each sample. 

Figure 3A shows the constitutive expression of CPG2* in NIH3T3 
cells. 

Figures 3B and 3C show in arbitrary units the enzymatic activity 
for j9-galactosidase (A) and CPG2 (B) expressed in HIH3T3 cell lines 
#3 (open bar) and «9 (solid bar) . 

P?tailga dgggription of Xh9 invent ion. 

A I Vegtgr SYStgagf 

Examples of suiteOale vector systems include vectors based on the 
Molony murine leukaemia virus are known (Ram, Z et al. Cancer 
Research (1993) £2;83-88; Dalton & Treisman, Cell (1992) fifi; 597- 
612) . These vectors contain the Murine Leukaemia virus (MLV) 
enhancer cloned upstream at a ^-globin minimal promoter. The fi- 
globin 5' untranslated region up to the initiation ATG is supplied 
to direct efficient translation of the cloned protein. The 
initiator ATG straddles an Ncol restriction site and thus can be 
used to clone a protein coding sequence into the vector. This 
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vector further contains a polylinker to facilitate cloning, 
followed by the ^-globin 3 '-untranslated region and polyadenylation 
sites. The MLV enhancer is of particular use since it is a strong 
enhancer and is active in most murine and human cell lines. 

Suitable viral vectors further include those which are based upon 
a retrovirus. Such vectors are widely available in the art. Huber 
et al (ibid) report the use of amphotropic retroviruses for the 
transformation of hepatoma, breast, colon or slcin cells. Culver 
et al (Science (1992) 2S&t 1550-1552) also describe the use of 
retroviral vectors in GDBPT. Such vectors or vectors derived from 
such vectors may also be used. Other retroviruses nay also be used 
to make vectors suitable for use in the present invention. Such 
retroviruses include rous sarcoma virus (RSV) . The promoters from 
such viruses may be used in vectors in a manner analogous to that, 
described above for MLV. 

Englehardt et al (Nature Genetics (1993) 1; 27-34) describe the use 
of adenovirus based vectors in the delivery of the cystic fibrosis 
transmembrane conductance product (CFTR) into cells, and such 
adenovirus based vectors may also be used. Vectors utilising 
adenovirus promoter and other control sequences may be of use in 
delivering a system according to the invention to cells in the 
lung, and hence useful in treating Ixing tumours. 

Vectors encoding carboxypeptidase may be made using recombinant DNA 
techniques known per se in the art. The sequences encoding the 
enzyme may be constructed by splicing synthetic or recombinant 
nucleic acid sequences together, or modifying existing sequences 
by techniques such as site directed mutagenesis. Reference may be 
made to "Molecular Cloning" by Sambrook et al (1989, Cold Spring 
Harbor) for discussion of standard recombinant DNA techniques. 
In general, the vector nay be any DNA or RNA vector used in VDEPT 
or GDEPT therapies. 

B. CarbnvYpgpfctdaaa. 
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The carboxypeptidase will usually convert the prodrug into an 
active drug by removing a protecting group from the prodrug. In 
most cases, the protecting group will be cleaved as a whole from 
the prodrug. However, it is also possible for the enzyme to cleave 
or simply alter part of the protecting group, resulting in a 
partially cleaved or altered protecting group which is unstable, 
resulting in spontaneous removal of the remainder of the group. 

carboxypeptidase G2 (CPG2) is disclosed in WO88/07378, and its 
sequence is also set out below as Seq. ID No. 1. Although the CPG2 
with the amino acid sequence of Seq. ID No. 1 is preferred, 
alterations to the sequence which are amino acid substitutions, 
deletions or insertions (eg. of about 1, 2, 3, 4, 5, 10 or 20 
residues in each case) are also possible. In any event, the 
alteration will be such that the enzyme retains its ability to 
convert a prodrug to an active drug at substantially the same rate 
as the native enzyme. In this context, "substantially the same 
rate- will desirably be within 1 order of magnitude, and preferably 
from about 50-fold e.g. about 2-fold less to 2, 5 or 10 fold more. 

in addition to specific changes the enzyme may otherwise be altered 
by truncation, substitution, deletion or insertion as long as the 
activity of the enzyme is substantially unchanged as defined above. 
For example, small truncations in the N- and/or C-terminal sequence 
may occur as a result of the manipulations required to produce a 
vector in which a nucleic acid sequence encoding the enzyme is 
■ linked to a suitable promoter. The activity of the altered enzyme 
may be measured in model systems such as those described in the 
examples. 

An example of a trancated enzyme is CPG2* which contains amino 
acids 23 to 415 of Seq. ID No. 1. 

p. Promoters. 

The carboxypeptidase will be expressed in the vector using a 
promoter capable of being expressed in the cell to which the vector 
is targeted. The promoter will be operably linked to the sequences 



wo 96^3151 



PCT/GB9SA>1783 



- 6 - 

encoding the enzyme and its associated sequences. For example, the 
c-erbB2 proto-oncogene is expressed in breast tissues at low levels 
and in a tissue restricted manner. In some tumour states however 
the expression of this protein is increased, due to enhanced 
transcriptional activity. Notable examples of this are breast 
tissue (about 30% of tumours) , ovarian (about 20%) and pancreatic 
tumours (about 50-75%) . In such tumours where expression of c- 
erbB2 is increased due to enhanced transcription or translation, 
the c-erbB2 promoter may be used to direct expression of proteins 
in a cell specific manner. 

With the GDEPT system of the present invention utilising c-erbB2 
promoters to target such tumours, the specificity of GDEPT is 
increased since transfection of normal cells by a vector with a c- 
ezi)B2 promoter will provide only very limited amount of enzyme or 
none and thus limited activation of prodrug. 

The c-erbB-2 promoter has been sequenced to -1500 and may be 
obtained by reference to Hudson et al, (1990) J. Biol. Chem. Z§5.i 
4389-4393. The major start site of transcription has been 

determined by Ishii et al (1987) Proc. Natl. Acad. Sci. &±; 4374- 
4378 and Tal et al (1987) Mol. Cell Biol. 2? 2597-2601. This start 
site is referred to as +1 and this numbering is referred to herein. 
Translation of c-erbB-2 starts at +178. The promoter has a CAAT 
box at -75 and a TATA box at -25. 

Hollywood and Hurst (1993) EMBO J. 12; 2369-2375 report that in 
maunmary cells, regions of the promoter at -100 and -213 are 
important for the regulation of transcription. (see also Sarkar 
et al (1994) J. Biol. Chem. 2£3.i 12285-12289). 

m order to achieve expression from a vector utilizing the c-erbB-2 
promoter, it is desirable to use the c-erbB-2 promoter region from 
the CAAT box, and preferably the TATA box, upstream to include 
sequence elements responsible for specificity of expression in 
particular tissues, such as those found for mammary cells by 
Hollywood and Hurst (ibid). The promoter will thus desirably 
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include at least all the nucleotides upstream (5') of the CAM box 
to about the 250th, eg. 300th, 400th, 500th, 600th, 700th, 800th, 
900th or further nucleotide 5' to the start of transcription. It 
is also preferred to include the TATA box. Optionally, the c-erbB- 
2 sequences downstream of the TATA box to the start of translation 
at -t-178 may also be used. 

Although the human c-erbB-2 promoter sequence is preferred, 
modified promoter sequences which are capable of selectively 
hybridizing to the human sequence may also be used. A promoter 
sequence capable of selectively hybridizing to the human promoter 
sequence will be generally at least 70%, preferably at least 80 or 
90% and more preferably at least 95% homologous to the promoter 
region or fragment thereof over a region of at least 20, preferably 
at least 30, for instance 40, 60 or 100 or more contiguous 
nucleotides. 

In general, those of skill in the art will appreciate that some 
regions of the promoter such as those at -213 will need to be 
retained to ensure tumour specificity of expression from the vector 
whereas other regions of the promoter may be modified or deleted 
without significant loss of specificity. Thus, modified promoters 
which are transcriptionally regulated substantially to the same 
degree as human c-erbB-2 are preferred. The degree of regulation 
of such candidate promoters can be tasted and assessed by those of 
skill in the art using for example CAT assays in accordance with 
those described by Hollywood and Hurst (ibid) . 

"Operably linked" refers to a juxtaposition wherein the promoter 
and the enzyme-coding sequence are in a relationship permitting the 
coding sequence to be expressed under the control of the promoter. 
Thus, there may be elements such as 5' non-coding sequence between 
the promoter and coding sequence which is not native to either the 
promoter nor the coding sequence. Such sequences can be included 
in the vector if they do not impair the correct control of the 
coding sequence by the promoter. 
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Other suitable promoters include viral promoters such as mammalian 
retroviirus or DNA virus promoters. Suitable promoters include 
those used in vectors described above, e.g. KLV, CHV, RSV and 
adenovirus promoters. Preferred adenovirus promoters are the 
adenovirus early gene promoters. Strong mammalian promoters may 
also be suitable. An example of such a promoter is the EF-la 
promoter which may be obtained by reference to Mizushima and Nagata 
((1990), Nucl. Acids Res. 1&; 5322). Variants of such promoters 
retaining substantially similar transcriptional activities may also 
be used. 

The invention provides a viral vector comprising a c>erbB-2 
promoter operably linked to a gene encoding a carboxypeptidase 
enzyme, the enzyme being capable of converting a prodrug into an 
active drug. The invention also provides a kit which comprises a 
vector as defined above together with a prodrug which is capable 
of being converted to an active dxxig by the enzyme encoded by the 
vector. In another aspect, the invention provides a vector as 
defined above or a kit as defined above for use in a method of 
treatment of the human or animal body, and in particular a method 
of treatment of tumours in which the c-erbB-2 proto-oncogene is 
overexpressed. In a further aspect, the invention provides a 
method of treatment of txmours, and in particular a method of 
treatment of tumours in which the c-erbB-2 proto-oncogene is 
overexpressed, which method comprises administering to an 
individual with a tumour (i) an effective amount of a vector as 
defined above, and (ii) an effective amoxint of a prodrug capeUale 
of being converted to an active drug by the enzyme encoded by the 
vector. 

Pt Prodrugs ■ 

The prodrug for use in the system will be selected to be compatible 
with the enzyme, ie. such that the enzyme will be capable of 
converting the prodrug into an active drug. Desirably, the 
toxicity of the prodrug to the patient being treated will be at 
least one order of magnitude less toxic to the patient than the 
active drug. Preferably, the active drug will be several, eg 2, 
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3 4 or more orders of magnitude more toxic. Suitable prodrugs 
include nitrogen mustard prodrugs and other compounds such as those 
described in WO88/07378, WO89/10140, WO90/02729, WO91/03460, EP-A- 
540 263, WO94/02450, WO95/02420 or WO95/03830 which are 
incorporated herein by reference. 

r'.ti\ - wltr""«*" mustnrd prodnigg.. 

Nitrogen mustard prodrugs include compounds of the formula: 
M-Ar-CONH-R 

where Ar represents an optionally substituted ring aromatic ring 
system, R-NH is the residue of an «-a«ino acid R-HH, or 
Oligopeptide R-NH, and contains at least one carboxylic acid group, 
and M represents a nitrogen mustard group. 

The residue of the amino acid R*NH is preferably the residue of. 
glutamic acid. It is disclosed in WO88/07378 that the enzyme 
carboxypeptidase G2 is capable of removing the glutamic acid moiety 
from compounds of the type shown above, and the removal of the 
glutamic acid moiety results in the production of an active 
nitrogen mustard drug. 
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Thus nitrogen mustard prodrugs of use in the invention include the 
prodrugs of generic formula I of WO94/02450 and salts thereof, and 
in particular those of formula (I): 



wherein p} and each independently represent chlorine, bromine, 
iodine, OSOjMe, OSO^phenyl (wherein phenyl is optionally substituted 
witb 1,2,3,4 or 5 substituents independently selected from C,.^ 
alkyl, halogen, -CN or HOj) y 

R^' and r2* each independently represents hydrogen, C,.^ allcyl or C,.^ 
haloalkyl ; 

r' and R* each independently represents hydrogen, C,.< alkyl or C,.^ 
haloalkyl ; 

n is an integer from 0 to 4; 

each r' independently represents hydrogen, C,.^ allcyl optionally 
containing one double bond or one triple bond, C,.^ alkoxy, halogen, 
cyano, -NHj, -CONrV (wherein r' and R» are independently hydrogen, 
C,:^ alkyl or C,.^ cycloalkyl) or two adjacent r' groups together 
represent 

a) C4 alkylene optionally having one double bond; 

b) C3 alkylene; or 

c) -CH-CH-CH=CH-, -CH-CH-cai2- or -CH2-CH-CH- each optionally 
substituted with 1, 2, 3 or 4 svibstituents said siibstituents each 
independently selected from the group consisting of C,., alkyl, q.^ 
alkoxy, halogen, cyano and nitro? 

X is a group -C(0)-, -O-C(O)-, -HH-C(O)- or -CH2-C(0)-; and 

Z is a group -CH2-T-C(0)-0R* where T is CHj, -0-, -S-, -(SO)- or 

-(SO^)-, and R* is hydrogen, C,.^ alkyl, C,.^ cycloalkyl 




(I) 



W096A)3151 



PCT/GB95;01783 



- 11 - 

amino, mono- di-C,.^ alkylamino or mono or diCj.^ cycloalkyl amino, 
provided that when R* is hydrogen T is -CHj-; and physiologically 
acceptable derivatives, including salts, of the conpo\inds of 
formula (I) . 

Halogen includes fluorine, chlorine, bromine and iodine. Preferred 
values for the groups R^* and are methyl and hydrogen, 

especially hydrogen. Preferred values for the groups r' and R* are 
hydrogen, methyl and trif luoromethyl , especially hydrogen. 
Preferred values for the groups R^ and R^ are I, Br, CI, OSOjMe and 
OSOjphenyl wherein phenyl is substituted with one or two 
substituents in the 2 and/ or 4 positions. 1, CI and 0S02Me are 
especially preferred. • 

Preferred values for r' when n is an integer from 1 to 4 are 
fluorine, chlorine, methyl -CONHj and cyano. Preferably, n is 0, l 
or 2. When n is 1 or 2 it is preferred that R* is fluorine at the 
3 and/or 5 positions of the ring. The group X is preferably -C(0)- 
, -0-C{0)- or -NH-C(O)-. Z is preferably a group -d^CHj-COOH, 

Preferred specific compounds include: 

N-4-[(2-chloroethyl) (2-mesyloxyethyl>amino]benzoyl-I<-glutamic acid 
(referred to below as "CHDA**) and salts thereof; 

N- ( 4 - C bis ( 2-chloroethy 1 ) amino ] -3-f luorophenylcarbamoyl ) -L-glutamic 
acid and salts thereof; 

N- (4-[bis ( 2-chloroethy 1 ) amino Iphenylcarbamoyl) -L-glutamic acid and 
salts thereof; 

N- (4- (bis (2 -chloroethyl) amino] phenoxycarbonyl) -L-glutamic acid and 
salts thereof; and 

N-(4-[bis(2-iodoethyl)amino]phenoxycarbonyl)-L-glutamic acid and 
salts thereof. 

Particular sub-groups of the compounds of the present invention of 
interest may be obtained by taking any one of the above mentioned 
particular or generic definitions for R^-R*, r', X or W either 
singly or in combination with any other particular or generic 
definition for R^-R*, R*, X or W. 
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Prodrugs which are more lipophilic than compounds of the prior art 
such as those disclosed in WO88/07378 are of use in the system of 
the invention, including compounds of the formula (II) : 



wherein r\ R^, r', n and Z are as defined for compounds of the 

formula (I) above; 

m is an integer from 0 to 4, 

and are each independently -O- or -NH-; and 
R* is hydrogen, t-butyl or allyl; 

and physiologically acceptable derivatives of the compound of 
formula (I). Preferred values of rS R^, R', n and Z are as defined 
above for compounds of the formula (I) . Preferred values of m are 
0, 1 or 2 as defined for n above, r' is preferably hydrogen, but 
can be protected especially during synthesis by groups such as 
allyl or t-butyl. 

These prodrugs can be activated at the site of a tumour by a 
carboxypeptidase enzyme, for example, CPG2 as disclosed in 
WO8B/07378 or WO94/02450. 

Compounds of the formula (II) may be made using reactions and 
methods known per sa in the art of chemistry. The following 
methods are of particular use: 




a; compou n ds of formula fll) where is -Q- 
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compounds of the formula (I) in which is 
reacting a nitrogen mustard of formula (III) 



-O- may be made by 




cm) 



Z4H 



Where r\ R^ and r' and n are as defined above and Z* is -O- with 
a linker of formula (IV) 



R5(m] 




(IV) 



Where R», m, Z^ r' and Z» are as defined above, and Q is hydrogen 
or a leaving group. This reaction may be done in aprotic solvents 
in the presence of a base, for example DMF and tr iethylanine . 

Preferred leaving groups Q include a succinimidyl group a 
4-nitrophenyl carbonate group, a pentafluorophenyl carbonate and 
a tetrachloroethyl group caKCDCCl,. 
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"LopLnol optionally substituted with th. ''^^^ " - "J^ 
.boval Th. phenolic group ie protected a. an 

:::^:Lyr;^:«honyl-derivativ. (hy 

..t«rl.l. with .dM«nt«.yl-fluorofor».te and triethyl«nine in THF 

It rco. teiiperature,. The protected "'^""'^tt 

reduced to the corresponding anine hy hydrogen transfer -^^^ 

Ling a^oniu. fomate and Pd/C 10» a. catalyst " f • 

is then hydro^cyethylated with ethylene oxide In " J 

then reacted to th. desired nitrog«. mustard. R.f«»no. -ay b. 

lade to EP-A-.3, 3S0 or for »aitable 

Compounds -ay b. purified by colu-n chro.atogr.phy. I«prot«:tton 

TrZ,. th. .dai^ntyl. group «y b. c.rri.d out in trif luoroactic 



acid. 



liii) Alt.m.tively, th. nitrogen mustard of formula (III) may be 
ittilated « a ^loroformat. by tr.atment with phosg«.e^ or 
trtphosgL in an aprotic solvent and triethylamine followed by 
coupling with a compound of formula {V) : 

n5(m>-^J (V) 



O 0R9 



Where It\ m, and are as defined above. This may be 

levied ;ut in ^ or other aprotic solvents in the pr..«.t of a 
base (for example triethylamine or pyridine) . 
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(iv) A further altema-bive route of synthesis of compounds of 

-the formula (11) in which is -O- involves direct coupling of 
4-nitrophenol optionally substituted with the group (s) r'^^^ (as 
defined above) with the compoiind of the formula (IV) or by reaction 
of the said optionally substituted 4-nitrophenol compound 
chlorofomate with the compound of formula (IV) , followed in each 
case by the reaction described above to convert the nitro group, 
via an amine, to a mustard group. 

B; Compounds of formula flT^ where is -NH-; 

(i) Compounds of the formula (II) in which is ~NH- may be 
made by reaction of a compound of formula (III) in which Z^ is -NH- 
with a linker of the formula (IV) in aprotic solvents and in the 
presence of a base. Compounds of the formula (III) in which Z^ is 
-NH- may be made from a l-halo-4-nitrobenzy compound, optionally 
substituted with the group(s) r'^^, (as defined zUSove) . This is 
converted to the corresponding l-bis-hydroxyethylamino-4-nitro- 
benzyl compound by reaction with diethanolamine with heat and the 
resulting product purified by colvunn chromatography. The 
corresponding 4 -nitro nitrogen mustard may be made by for example 
mesylation using mesyl chloride in pyridine and subsequent reaction 
to other halo mustards, e.g. bromo or iodo mustards if required. 
The 4 -nitro group may be reduced by hydrogen transfer in ethanol 
using ammonium formate and a Pd/C 10% catalyst at 20 'C. 

(ii) Alternatively the l-bis-hydroxyethylamino-4-nitrobenzyl 
compound mentioned above can be reduced using ammoniuin formate and 
Pd/C 10% as catalyst in ethanol at 20 *C to provide the 
corresponding phenylene-diamino derivative. This derivative can 
be converted into the corresponding 4 -amino nitrogen mustard as 
described in the above paragraph, e.g. initially by reaction with 
mesyl chloride. 



C! Compounds of the formula (TV) in which is -NH- 
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(i) compounds of the formula (IV) in which is -NH- may be 

made from a 4-nitro benzylic alcohol optionally substituted with 
the group(s) R»„, (as defined above). The hydroxyl function is 
protected as a pyranyl- or t-butyl-dimethylsilyl (TBDMSD-ether by 
treatment at 20-C with 3,4-2H-dihydropyran and pyridinium-p- 
toluensulfonate (PPTS) in an aprotic solvent or with TBDMSi 
chloride and imidazole in dimethyl formamide (DMAC) , respectively. 
The intermediate thus obtained is reduced to the corresponding 
amine by hydrogen transfer in ethanol using ammonium formate and 
Pd/C 10% as catalyst at 20-C. This amine is converted to a glutamyl 
ester intermediate of formula (VI): 



(VI) 




O 0R9 



where r', m, and Z» are as defined above, is -NH- and Pr is 
the pyranyl- or t-butyl-dimethylsilyl (TBDMSi) -ether protecting 
group. This may be done by treating the amine with triphosgene and 
triethylamine in toluene at 60 "C to provide the corresponding 
isocyante, which is treated with a glutamate derivative of formula 
r'-C(0)-CH(NH2)-Z^ where R» and Z are as defined above. 
Alternatively the corresponding glutamyl- isooyanate obtained from 
the corresponding glutamate by treatment with triphosgene and 
triethylamine in toluene at -78 -C may be reacted with the amine in 
a one pot procedure. 

(ii) The compound of formula (VI) is deprotected to remove the 
TBDMSi or pyranyl groups by treatment with mild acidic media (AcOH. 



PCT/GB9Sy01783 



- 17 - 

THF and H20 or PPTS, EtOH, 55"*C) . This yields a compoiind of 
formula (VI) in which Pr is hydrogen. Compounds of the formula 
(ZV) in which Q ia a leaving group may be prepared using standard 
reactions known in the art. 

(iii) For example where Q is a succinimidyl group the compoimd of 
formula {VI ) where Pr is hydrogen may be treated with 
disuccinimidyl-carbonate and triethylamine in acetonitrile. Where 
a 4-nitrophenyl carbonate group is desired treatment with 
4-nitrophenyl chlorformate and triethylamine in THF may be used. 
A pentafluorophenyl carbonate may be added by in situ phosgenation 
of pentafluorophenol followed by coupling to the linker of formula 
(VI) in which Pr is hydrogen. 

P? gpmpQwnflg pg the formwlfl flY) in which is 

(i) The starting materials for the linkers possessing a carbamic 
bond are unsubstituted or siibstituted (with the group (s) r'^„, (as 
defined above)) 4-hydroxy-benzylic alcohols. These type of linkers 
may require an extra electron withdrawing group on the aromatic 
nucleus in order to undergo 1,4-elimination. The 4-hydroxy group 
is specifically protected as an acetate by treating the starting 
material with acetyl-v-triazolo-[ 4, 5-b] pyridine, IN HaOH in THF at 
20* C. The alcohol function of the acetate is further protected as 
pyranyl- or TBDMSi-ether by the procedures described in section C 
above. The acetate function is then deprotected to restore the 
4-hydroxy group in NaHC03 aq. MeOH at 20 'C. The resulting phenol 
compounds are reacted in a one pot procedure with a protected 
glutamyl-isocyanate as described in section C(i) above. This 
yields a compound of the formula of (VIZ) as shown above in which 
z' is -o- and Pr is the pyranyl- or Jt-butyl-dimethylsilyl 
(TBOMSi)>ether protecting group. 

(ii) Deprotection of this compound yields a compound of the formula 
(VI) in which Pr is hydrogen. This may be converted to compounds 
of the formula (IV) by methods analogous to those described in 
sections C(ii} and (iii) above. 
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r.i Altern'^l-We sv n t-heais of , r -n ppounds of formula fill); 

compotinds of the formula (III) in which Q is hydrogen, fluoro, 
chloro, bromo or -o-(N-succiniiaide) may also be obtained by 
reference to WO95/02420 or WO95/03830. 

gfil^. Other prodrugs. 

Further prodrugs suitable for use in the invention include those 
of the general formula: FTLi-(PRT),. or salts thereof where FTLi is 
a ras inhibitor such as a famesyl transferase inhibitor compound 
and PRT represents n' protecting groups capable of being cleaved 
from the ras inhibitor by the action of an enzyme, where m' is an 
integer from 1 to 5. Such compounds are disclosed in WO95/03830. 



Suitable FLTi's include those of the formula 

-A 




where R,. and R^. are the side chains of naturally occurring amino 
acids (for example -CH,, -caKCH,),. -CH^OKCH,),, -CH(CH,) caijCH,, - 
CH^OH, -CHjCHjSQH,, -CH(OH)CH,) , including their oxidized forms (for 
example, methionine sulfoxide or methionine sulf one) , or are 
substituted or unsubstituted aliphatic, aromatic or heteroaromatic 
groups, preferably cyclohexyl, phenyl, pyridyl, imidazolyl or 
saturated or unsaturated branched or straight chains of 2 to 8 
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carbon atoms optionally substituted with an aromatic or 
heteroaromatic ring; 

X,, is CHjCHj, trans CH-CH or CHjNH? and 

X,. is (CH2)„ Wherein n is 0, 1 or 2. Preferably R,. and both 
represent CH ( CH, ) CH^CH, . 

suitable FLTi compounds including those of the above formulae may 
be obtained by reference to WO95/03830. 

A further group of prodrugs are tyrphostin compounds of the general 
formula: FPKi-PRT.. where PTKi is a compound with PTK (protein 
tyrosine kinase) inhibitory activity, PRT is a protecting group 
capable of being cleaved from the PTK inhibitor by the action of 
an enzyme and m' is an integer from 1 to 5. 

suitable PTKs include tyrphostins. Tyrphostins are low molecular 
weight (e.g. less than 2.000) styryl containing inhibitors of 
protein tyrosine kinase which are capable of binding to the subsite 
of protein tyrosine kinase domains. Suitable tyrphostins include 
those described by Gazit et al (Gazit et al, J. Med. Chem. (1989) 
i2, 2344) and Gazit et al (J. Med. caiem. (1991) ill; 1896-1907) and 
especially tyrphostins of the general formula: 



where X^ represents carbon, a nitrogen or a group N-O; n is an 
integer from 1 to 3; each group r'°, which may be the same or 
different is hydrogen, hydroxy, mercapto, carboxy, formyl, C,. 
,alkyl, Cj, alkenyl, C,.,alkoxy, q.^alkylthio, carboxyC,.,alkyl. 
carboxyc^, alkenyl, C,.,alkylsulphoxy , halo (ie. fluoro, chloro, 
bromo or iodo) , nitro, amino, C,.^alkylamino, or C,.4dialkylamino, or 
when n is 2 or 3 two r" groups may together form a methylenedioxy 
or ethylenedioxy group; r" is hydrogen, hydroxy, C,.,alkyl or 
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together with position 2 of the ring to which the group (s) R» 
is (are) attached forms a 5 or 6 membered aliphatic or heterocyclic 
ring, said 5 or 6 membered ring optionally containing a ketone 
group; and R« is cyano, carboxy, carbamoyl, thiocarbamoyl , a group 
C(0)HNCH,CN, a group C(NH,)-C<CN)„ an alpha keto group C(0>R where 
R» is 3,4-dihydroxyphenyl or 2-thiophenyl or an alpha amido group 
C(0)1IHR^* where R^* is benzyl, phenyl or 2,4-dimethoxyphenyl; 
provided that at least one of the groups r" and r" is mercapto, 
hydroxy or amino. 

in a preferred embodiment, x' is C; n is an integer from 1 to 3; 
each group r", which may be the same or different is hydrogen, 
hydroxy, carboxy, formyl, C,.,alkyl, C^., alkenyl, C,.,alkoxy, 
carboxyC,.,alkyl, carboxyC,., alkenyl, halo (ie. fluoro, chloro, 
bromo or iodo) , nitro, amino, C,.^alkyl amino, or C,.,dialkylamino, or 
when n is 2 or 3 two R« groups may together form a methyl enedioxy 
or ethylenedioxy group; r" is hydrogen, hydroxy or C,.,alkyl; and 
R« is cyano, carboxy, carbamoyl, thiocarbamoyl, a group C(0)HNCH,CN 
or a group C(im,)'C{CS),, Most preferably, X^" represents carbon, 
n is an integer from 1 to 3 ; each group r", which may be the same 
or different is hydrogen, hydroxy or amino; R" is hydrogen or 
hydroxy; and R« is cyano, a group C(0)HNCH2CN, a group 
C(NH,)-C(CN)„ an alpha keto group C(0)R« where R« is 3,4- 
dihydroxyphenyl, or an alpha amido group C(0)NHR« where R^ is 
benzyl; provided that at least one of the groups R", R , and R 
are hydroxy or amino. Preferably, R" is hydroxy or amino. When 
R" forms a 5 or 6 membered ring with r" preferred rings include 
heterocyclic rings wherein the ring contain one nitrogen atom and 
4 or 5 carbon atoms. The total number of atoms includes the 2 
carbon atoms of the ring to which the group (s) r" is (are) attached. 

suitable tyrphostins such as the above may be obtained by the 
methods disclosed in, or analogous to those of, W095/02420, Gazit 
et al 1989 and 1991, ibid, which are incorporated herein by 
reference. 

Tyrphostins may be linked to any suitable protecting group which 
is removable by an enzyme. Suitable protecting groups PRT may be 
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found by reference to WO95/03830 or WO95/02420 and may be of the 
structure : 

- (Z^-CO . 0 . CH^-Ph-Z-NH-glu) 
where is as defined above or S, m' is an integer froa 1 to 5, Ph 
is a phenylene ring optionally stibstituted by from 1 to 4 groups 
(which may be the same or different) as defined above and glu is 
a group -CHZ-C(0)-0R' where Z and R* are as defined above. 

Efiii). Pgrivativeg, 

Physiologically acceptable derivatives of said prodrug include 
salts, amides, esters and salts of esters. Esters include 
carboxylic acid esters in which the non-carbonyl moiety of the 
ester grouping is selected from straight or branched chain C^. 
^alkyl, (methyl, n-propyl,, n-butyl or t-butyl) ; or Cj.^cyclic al]cyl 
(e.g. cyclohexyl) . Salts include physiologically acceptable base 
salts, eg derived from an appropriate base, such as alkali metal 
(e.g. sodium), alkaline earth metal (e.g. magnesium) salts, 
ammoniiim and NR^. (wherein R" is C,.^ alkyl) salts. Other salts 
include acid addition salts, including the hydrochloride and 
acetate salts. Amides include non-substituted and mono- and di- 
sxibstituted derivatives. 

F. Applications of the invention 

The system of the invention can be used in a method of treatment 
of the hiiman or animal body. Such treatment includes a method of 
treating the growth of neoplastic cells which comprises 
administering to a patient in need of treatment the system of the 
invention. It is also possible that the invention may be used to 
treat cells which are diseased through infection of the human or 
animal body by bacteria, viruses or parasites. Viral late 
promoters often rely on viral proteins that are made early in the 
infection. The viral coat proteins which are expressed on the 
surface of an infected cell may be used as a target for getting the 
gene into the cell. If a viral late promoter is then used to 
direct expression of the GDEPT enzyme, any infected cells will 
express the protein, and specifically, cells which have been 
infected, for some time. This may be sufficient to kill the 
infected cells. Tor parasites, a parasitic promoter and parasite 
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.ur..=. pro«ln., »y »s.a « direct expreasion .nd inf.=t th. 
parasites respectively. 

Ti delivery systems will probably need to be 

should be easier to define. 

4 the vectors will usually be 

For use of the vectors in therapy, the vecii« 

,it. of tumour. ^"^^^^^^ " „ .ntibody, 

Th. viral p.rtlcl« -ay b. -odifi-d « 

,r.^«.t t..r.of .inoludin, - " t.r..tiv.ly 

lig.«l to anl«nc. frgatry "* UpoBomes My M 

vectors «y b. p.cx.,«. Into ^"-^^^r^^^J^^^ ^^^e^^^ 
t.r,.t«l to . p.rtlc»l.r t«»our. This c«. be echiev Y 
. tu»»r-dir.ot.d »tlhoay to the ">^'"°"^;^ ''"^."^."^"^Jl, ,1 
.1.0 be incorporeted into liposome.. The ^^^^^^ ^ 
aeXivered to the tu.our hy «.y "^^^^^c" . wiX^^e c^^- 
the physician. Pref.rahly, the ^^-^^^^^f^^^^^^^^^^ J.«i„,. 
selectively infectin, ^'^^^^^^'^^^ ^^^.^^ J,.ct tumour 
it is «ant that the "^"^ ^i'=;:;.,':l"r cell, infected is such 

-rdXTo^rt^p-ciiUy-^^^^^^ 

:t^t.t ^^Z^XTZ. rd=ned by the physician. 

suitable 

ethanolamin. (DOPE), «Kl those co.pri.ing 3«H (n ,H 
a»lno.th.ne)-carh.K.yU=hole.terol (DC-chol) . 

- rr^:. nzz ^rrieitt prr z z 
::::::r.rh.\r^.«d.^^^^ 

a. pharmaceutical formulation.. The , ^ 

pro<L„ together with one or more acceptable «rri«r. '^'^ 
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oth.r l„gr.«en« of th. forM.latlon .nd not <>«^f "» *° 
recipient, thereof, for .x»ple, llpoeo»ee. Saitabl. Upo.o«. 
include, for «.»pi., tho.. co.prl.in, the positively lipid 
(»(l-(2,3-diol.ylo«y)propyl]-»,»,N-tri.thyi™oniu. (DOTHA) , those 
co.prl.in, diol.oylpho.ph.tidyl.th.ncl..ine 

CororLin, 3P [H- <n ' ,» ' -diMthylM^oethane) -crbMoyl 1 chole.t.rol 

(DC-ChOl) . 

Viruee., for ex««.le i.ol.t.d fro. packagin, cell line. »y al-o 
h. ad.inistrated by regional perfusion or direct 
direction, or direct ini«rtlon into a body cavity (intracaviterial 
administration) , for «ca.ple by tntra-peritoneu. injection. 

It i. also known that «u.cle cell, can take up naked BH* and thu. 
..rco». .ay be treated u.ln, a vector .y.te. of the Invention in 
Which naked Dm i. directly injected into the urcou. 

For^alation. suitable for parenteral or ^-'-^--^f" 
.d.inl.tration include agueou. and non-agueou. .terile injection 
solution. Which n,y contain anti-oxidant. , ^«*"'""''' 
bactericidal antibiotics and solutes which render th. foi«.l.tion 
isotonic with the blood of the intended recipient, and aqueous and 
non-agueou. sterile .u.penslon. which «y include 
and thickening agent., and liposce. or other 
system. Which are de.igned to target the compound to blood 
components or one or more organs. The formulation, may be 
preeented in unit-do.e or multi-do.e containers, for '^i!^ 
Lpoule. and vial., and may be .tored in a /"•"^^•^ 
(lyophilized, condition reguiring only th. addlt on of 
liouid carrier, for «campl. water, for injection., l-«idlately 
pr!^r to «... injection .olution. and suspensions may b. prepared 
^t:^ran.ou.ly fro. .terile powders, granule, and tablet, of th. 
kind previously described. 

It Should be understood that in addition to ^''J^f 
particularly mentioned above the formulations «y ^^^^^ 
!gents conventional in the art having regard to ^ t^ of 
fLulation in question. Of the possible for.ulatio«^ril. 
pyrogen-free aqueous, and non-aqueous solutions are pr.f«rr«l. 
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H« administered sequentially, eg- at daily, weekly 

T:rz:z::j^s^^^^^^^ - ^ --"^^ ^^^^ 

patient, 
injection. 

Xn using t.e sy.te. o. t.e ^^^^^^^^^^ 
.3.ally .e ^^-----Va^r-e 

encoding an enzyme. Wically, tne , transfected or 

patient and then ^^^^^/te^t jr^ells »onitore^ for 
infected (in the case of viral ^^geted 
example by recovery and analysis of a biopsy s p 



tissue. 



individual clini=l.n. for ^'^^^^J'^p^^', „d th. 

„iii j^'-rjr^^rr;!:: .0:. 

vlru. «^ .dminl.tr.ticn by th. ^. .out. i. 

.ound to ^ th. ,.„„.lly 
often mtratuBoural. A typical no oar )tg par pati«it 

will b. in the ran,, of '"-.■^"VltTai-lT orJ^tlple do.... 
p.. day. whioh »y b. --«^"^'*«^ fro» about 10 to 7S. 

preferably the do.. r«.,. «iXl ^' 'l^J';^,^ p„ day. Other 

r:u\roo::u^rL.rc:ndi:ion Of th. patent and 

t^er faLr. at the discretion of the phyaician. 

^.oure Vhich -ay be treated -:;'Tr.::.d":y a^rP^ 

invention include any tu»our. -^^^['J^"^ „^ one particular 
or V^P, ayte. and su"^- -"^ i-Iude 

class of tumours. Particu4.airj.y pancreatic, 
breast, colorectal and ovarian t^our- as ^el^ 
melanoma, glioblastoma, hepatoma, small cell lung, 
lung, muscle and prostate tumours. 
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The system of the invention «ay also be used to treat infectious 
diseases, for example, and any other condition which requires 
eradication of a population of cells. 

It will be understood that where treatment of tumours is concerned, 
treatment includes any measure taken by the physician to alleviate 
the effect of the tumour on a patient. Thus, although complete 
remission of the tumour is a desirable goal, effective treatment 
will also include any measures capable of achieving partial 
remission of the tumour as well as a slowing down in the rate of 
growth of a tumour including metastases. Such measures can be 
effective in prolonging and/or enhancing the quality of life and 
relieving the symptons of the disease. 

The following Examples illustrate the invention. 

The native CPG2 protein contains a signal peptide which serves to 
export it out of bacterial cells into the extracellular 
environment. In order to ensure that the signal peptide did not 
direct the export of CPG2 from mammalian cells, PCR directed site 
specific mutagenesis was used to delete the signal peptide from the 
CPG2 gene. This was achieved using the PCR primer #4476: 
5'>CGC GGA TCC GCC CTG GCC CAG AAG CGC<3' 

in conjunction with primer #4477: 

5'>CGC GAA TTC CTT GCC GGC GCC CAG ATC<3' 

Primer #4476 was used to alter codons 21 and 22 of the CPG2 gene 
into a BamHl restriction endonuclease site. Primer #4477 was used 
to Change codon 416 (the natural stop codon of CPG2) into an EcoRl 
restriction endonuclease site. A PGR generated fragment 
containing the entire CPG2 open reading frame was generated and 
digested with BamHl and EcoRl and cloned into those sites of the 
plasmid MLV^plink (Dalton and Treisman (1992), Cell £&, 597-612). 
This results in a CPG2 protein which has the structure: Met-Ala- 
Gly.ser-(CPG2 codons 23 to 415) -Glu-Phe-Leu-Glu-Ile-Asp, and 
therefore lacks the signal peptide. The plasmid is refered to as 
"MLVCPG2*" and the protein produced from it as CPG2*. 



PCT/GB95WI1783 



- 26 - 

- ^ii^H MLVCPG2*, or With MLV^plink as 

MTH3T3 cells were transfected wltn ki^v^,*^* / ^ ^ 

10% toetal «lf -.rum (FCS, and pl.«d into ^-'-^ "'"f^"^, 

xtter . further incubation period of 42 hour., the 

™!^d twice with 5»1 PBS* .nd e«rected on the ti..u. culture 

rr TntTstrof huffer X ,»o^ '---terred'tri!:^ 

l»,.v Triton X-100 PH, ^. -»c we. tr.n.^.rr- - 

:::;;«t:::rt:^:L:*. «.'p«t.'j. -"---r„dr""" 

with the Blo-R.d protein ...ay Xit, with BSA a. a .tandard. 

For orotein-immunoblot analy.i., "mI of each extract v«i co^ined 
wiL lo" ofToS ...Pie buffer and the protein. ««« "««"'«^,;^ 
: , SOS-polyacryXa^id. ,el ,l«..ii ("'"'J'^^^^f^ „ 1 

by .l«rt;ro.lution ""^^ ,.1.^, O.E. (19«3) ".1. 

ta-uno-blottln, (G.r-.oni O-M. «^ ^ polyclonal 
Biooh«.i.try 121,1-15), uelng . CPG2 "P*""^ 

entibody which r.i.«. to -2 e>.«..ed in s«^in.ec^ ^ 

The antibody v.. u«d - ^\a. l^unoblottin. Kit, 

imunocoBplexe. d.t.ot«l using the ECL ""^^ 
accordin, to th. «nuf.=tur.rs inatruction. («»r«»-) • 

Xhe extract, were ai.o te.fd for 

-^"-r^^i.z r --^TiT re°^"rr.:;ic.i '^.-i., 

rsorancrrVI. ^or th. «..y. S„ Of HXH3X, protein 
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extracted in buffer A was incubated in 1ml assay buffer (20inM 
Tris.HCl, linM MgCl2, 60mM ZnCl2, pH 7.4) containing SO^M CMDA 
prodrug, at 37-C for 15 min. After incubation, EDTA was added to 
a final concentration of lOaM and the change in absorbance at 305nn 
was monitored and compared to that of the starting solution. A 
reduction in absorbance indicates conversion of the prodrug into 
drug and therefore by inference demonstrates the presence of CPG2; 
the enzyme activity is expressed in arbitrary units, compared to 
extraction buffer controls. 

From the immunoblot analysis, it could be seen that extracts from 
cells transfected with MLVCPG2* contained a protein with an 
apparent Mr of -40,000. which was recognised by the CPG2 antibody 
and which was not present in cells transfected with MLVPplink 

(figure lA) . When the enzymatic activity of these extracts was 
examined, CPG2 activity was detected in cell extracts from cells 
transfected with MLVCPG2* but not in extracts from cells 
transfected with MLVPplink (Figure IB). These data show that it 

is possible to express CPG2* inside mammalian cells in a form that 

is enzymatically active. 

The internally expressed CPG2* was tested for its ability to direct 
cell death in NIH3T3 cells treated with prodrugs. Two sets of 
cells were prepared, each of which contained one dish of cells 
transfected with MLV^plink and one dish of cells transfected with 
MLVCPG2*. The cells were incubated for 42 hours following the 
transfection and then set 1 was incubated in the presence of 
prodrug vehicle (5«M Hepes, 0.5%v/v DMSO, pH7.0; final 
concentrations) for 24 hours and set 2 were incubated with the CMDA 
prodrug (0.5mM final concentration) for 24 hours. Following 
prodrug treatment, the cells were washed twice with 5ml fresh 
medium and incubated for a further 24 hours. They were then 
passaged into fresh culture dishes, seeded at 1x10^ cells/ 35mm 
dish in 2ml 10%FCS/ DMEM. After a further 72 hour incubation cell 
growth was assessed by thymidine incorporation. For thymidine 
incorporation, l^Ci of [methyl-^H] thymidine was added to each well 
(2ml medium) and incubated for 5 hours at 37-C. The cells were 
washed twice with PBSA (4-C) and fixed with 5%w/v trichloro acetic 
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z - ^^^^^^ 

tr.nsf.=t.a with MLV*pUnX, t e.lW <Ma»r. ». 

C.11. aid not .«ect th. growth of t^". cU- J^^"^'^^ 

1,3). B, =ontr..t. «y»idin. incorporation 

cma resulted in co.»l«t«i =^ these def 

for 24 hours, 100% of the calls are killed. 



' '■ ^ "'^!1:"1U^J"«»' constructed hy .usin, the 1.2Xh 
A„ expreesion ceesett. «. (Mi.irtiuM end 

„indIlI/Bco« tr.J.ent '^^^^J^^^^^J,^ the EFl. pro«.t,r, 
»..,.« (1990) »» 18, „j th. second exon to the 

.irst exon. first intron -^'^^^ tr«»oription 

^-,lohin ,ene at ^'^'Z^'.^^^ZzZZ fra^t fro. th. pl.«.id 
o£ th. (,-9l6bln ,.n.. Th. Hco VHlnd^ ^^^^^^ ^, 

«I.V*-Plinx, containing .it. th. *-9lobin 

untr«.slat.d rsgion was *»-«» « «=° ' tr«u.l.tion 

,.„., Which i. Xocat- : nsc'ption,, toprovid. 

i-:::;\^r;ndTrr;.i'::e:^^^^^^ 

was to b. clonod into th. voter pMcm-o PolyA 
This entire cassette was to •= „„al*i«l to dMtroy the Hcol 

,Str.t.,.ne, . pMClHeo Poly* was ""^ ^'^^^.""^^i, l,^,, „<, 
eite located in the '^'^^rtToT^^ ^'^ ^ 
r^L^r rs:::."«rc:on.d .n HlndXH .ra,«nt C»d 
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repaired) into the Xhol (end repaired) site in the modified pMClMeo 
PolyA plasmid. A vector with the EFla promoter and the TK promoter 
(Which drives expression of the Neo« gene) facing in opposite 
directions was chosen for the expression of CPG2*; the vector is 
referred to as pMCEF-Plink. CPG2* was cloned from pMLVCPG2* as an 
Ncol/Xbal fragment into the Ncol/Xbal sites of pMCEF-Plink; this 
plasmid is referred to as pMCEFCPG2*. As a control plasmid, the 
lacz gene was also cloned into the Ncol/Xbal sites pMCEF-Plink as 
a Ncol/Xba fragment from the plasmid MLVBlacZ; this is referred to 
as pMCEFlacZ. 

a- Pirenaration of •t«M» liM9 

Stable cell lines were prepared with NIH3T3 cells to constitutively 
express CPG2*, or as a control the lacZ gene product (fi- 
galactosidase) . In order to do this, NIH3T3 cells were transf acted, 
with PMCEF-CPG2* or PMCEFlacZ as described in Preparative Example 
1, and two days after transfection, the cells were plated at low 
density into medium containing G418 at img/ml. Colonies coming 
from single cells could be observed about two weeks later and these 
were cloned and grown up individually. The expression of CPG2* was 
determined by immunoprotein blotting of 30m1 of cell extract 
(extracted as described in Preparative Example 1) from each of the 
G418 resistant colonies with a CPG2 specific polyclonal antibody. 
The cell line #9 which expresses high levels of CPG2* (Figure 3A) 
and cell line #3, which expresses the ^-galactosidase (see below) 
were selected for further investigation. The expression of CPG2* 
and p-galactosidase were verified in the cell lines, by enzymatic 
assay. For these assays, lxlO» cells for lines #3 and <9 were 
plated into 35Bm tissue culture dishes and incubated for 4 days, 
cell extracts were prepared as described in Preparative Example 1 
and 5Mg of protein was subjected to a CMDA degradation assay and 
a /J-galactosidase assay (the CMDA assay is described in Preparative 
Example 1) . For the assay of ^-galactosidase activity in cells, 
5Mg of extracted protein was added to 600 Ml of assay buffer (40mM 
Na,PO,, 26.7mM NaH^PO,, 6.7mMKCL, imMMgSO,, 25mM 2-mercaptoethanol , 
50mM Tris.HCL, 0.06%v/v Triton X-100, 2.2mM o-nitrophenyl ^-D- 
galactopyranoside) and incubated at 37 -C for 60 min. 250^1 of 
IMNa^CO, was added to the sample and the OD,^ was measured The 
results in Figures 3B and 3C show that extracts from line #3 (open 
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contain ..^ ^^r r :r.r:^. -^^^ 



activity. 



Cll line. 13 »d Obtains. In Preparative E«i.pl. 2 v«. te-t^ 
tor cytotoxicity with the C»» pro-dr.,. «lo' cell, were pl^«^ 
inLTach well o. « veli -iehes. incuhate. ^^^^^'^.^'^^X, 
treated with increaein, concentrations of 

.inute.. After a further 6 hour incubation, "» Titye^ 

re-plat.a into 24 well dishes, incubated tor a further 5 days ™d 

«l! survival was determined by I'M) -thymidine incorporation. The 

::.ults in Fi^r. 4 Show that cell line „ 

sensitive to even the highe.t concentration of CHDA test^, 

,9 (open symbol.) 1. sensitive in a dose dependent manner, showing 

an IC50 of - 125»iM. 



™. bystander effect was -"^^"^ -l^ll^^^Vr^^^ 
obtained in Preparative Example 2 at a variety 

as indicated and a total of 1 x 10» cells were plated per ^ in 
24 well plates and incubated overnight. The cell, were tr«ted 

T" r^rpo^tt:: °e:pre.s 0^.2.= thu. demonstrating 

1: tT^ T. a .ub.t»tial bystander effect with this sy.t~. 
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SEQUENCE INFORMATION 



SEQ ID NO. l: GenoBic DNA and protein sequence of CPG2 

MoaasMC cawMcacRSA laxxsasaas cmgroscqc gccbiggogh cuciuiujff 
: GAftGocaocc aaraaacr cxaarrocm tmem^xxt Gocnsaaac 



GcoasfiCRAC AGooGioavc cavarram? 

MBtArgProSerlleHisAigBirAlalieAiaAia 

^LBQAlalhrAlaaieValAlaGlynjrAlalfiuAlaGlnlysArg 
15 .20 25 

GACAACGIGClXSTrcCMGCAa^AffiGACGAGCAGOaSGa 
^I^^SpScinAlaAlalhrAqpGluGlnProAlavaille 

^ 30 35 40 

JJS S LBU Glu Itfs LBU VSJ. Asnlle Glu Ohr Gly Thr Gly ASP Ala 
45 50 55 

GAG QC3C MC GOCGCTQaGGGCARCTlCCaCGRGGOCGAGCrCMGAAC 
SSSneAlaSAlaGlyAsnael^GluAlaGluI^iIysAsn 

65 70 

CrcGGCTTCAaSGaCAaSOGAAOCAMTOGGCXrGKCTC 
Su^itoenirVaiahrArgSerlysSerAlaGlylBuvaivaiGly 

80 85 *o 

GACAACjm:GroQQCAftGA!rcAftGax:axGa:GaAAGAAccro 
^ ^ ne vai Gly lys lie lys Gly Arg Gly Gly Lys Asn l« Ibu 
95 100 

CIGAlGTO3CACATCGACAa:GlCTRCCICAAG^«ITCTCOTA^ 
lau Met Ser His Mst Asp Ihr Val ayr Ifiu lys Gly He Ifiu Ala Itfs 
115 120 



no 



125 130 

160 lfi5 



60 
120 
180 
230 

278 

326 

374 
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"0 

a* «= »M OB ooc «: « ^ 2S S S S S S S 

190 

205 210 

«C «r <« »» « T» ^ 0= « 0= « g» 

Val Asn He OSir ay lys Ala Ser HIS Aia *-xy 
225 

<«: ™ *«: <» a» ^ oa eg ^ ^ 2S ^ 2S S ^ ^ 

240 » 

Asn lie Asp IV» Ala lys ^ ^es 

255 

270 275 

«x «c a=c ™= « =c »« « «= S 2^ S S JS 

AlaAspValArgrryrAlaArgAsnGluAspmB^st* 

285 290 

^CIX;GAAGAaa=CO0G«CgGAJG^^«CgGG2 
Ihr i£u Glu Glu Arg Ala Gill Gin lys lys ^ 315 
305 

^ 320 325 

335 340 

350 355 

TyrAlaAlaIfluSerayItf8WovalIleGiu:«r ^ 
365 

c«:^ax:a^c^AGC«cAAGG0C«G^^^S2SS 
Gly.Rie Gly nyr His ser Asp lys Ala au lyr 

385 

xrr =0= 0=0 « c» «c ^ ^ ~ g S S S S 

lie Pro Aig Arg Leu lyr Met Ala Ala Arg 

400 
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C30C (3C3C AM T GWOGCTOCC a.T. i . > j^Tn TCftcraQCGr axsciosTsm 1480 
Ala Gly Lys 
415 

AcrocRoxE caaocaoca ouuuuDgKx : Gacarocxac gqoooqgoog ogaoogoctc 1540 

arowcaaacA AflOAAcroac mstdsitca ogcmaoch atawsocRac caxaoQaac isoo 

TOOQOGACPr CrOSCaMCr GAMTCTStSC OCaAOSOaGC G3«PGGC3CaC CQOaOCaCA 1660 

GcmaxsA Gwsoxjra GGOOGraoGC ToaasEROx: AGTCDsasrs ooasncGiiec 1720 

NxxxxsGox aaociaac oaocrcRocr ooasciaGro crocaGGfiGA rcacoBcasG 1780 

aaaaoaoQC Aaaccsra axraooBr caocaAcroc ooosrcAftOG omotckt 1840 

Goxnaaxx: Aftoxxxaoc AGAMAjyxA ^ 

GdCOBOSOC TimUOCI G A CCC y yTTy A GGOOSBCaGC GR3X3CMOGA GOegGOSCaC 1960 

rTyYyyryrir ASGGROSGaG AOMCraOSr GftTOGRaOGC GBSAAGGACT TCKPCaOCRG 2020 
OSGCRaGRAC QGOC3W3eDQG CaOBKTCC 
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gTATMS 

^ for gene-directed enzyme prodrug 

said carboxypeptidase. 

» .yst.. .ccordln, « cl.i- X «h.r.in U.. ««y« i- • 
bacterial carboxypeptidase. 

■> therein the carboxypeptidase 
3. A system according to claim 2 wherein 
is carboxypeptidase CPG2. 

claims 1 to 3 wherein the 
4 A system according to any one of claims 
* prodrug is a nitrogen mustard prodrug. 

tissue restricted manner. 

» „«.n according tc cX.i. 5 vh.r.in «.* pro-ofr is . c 
erbB2 promoter. 

. eve... accordln, « .„V ^ r^T."^,: 
method of treatment or therapy of the huma 

*~*T' ^tTI v^or.n=odln, -n .nz,.e capable of 

b.lng .«pr..«d on f^"',"', to an activ. 

capabla of baing oonvartad l>y aaio 



drug. 
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Fig.lA. 

Fig.3A. 




1 2 



SUB5TTTUTE SHEET (RULE 26) 
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r.pg? ENZVN "=- fll-TIVITY ASSAY 



FiglB. 



Fig.2. 
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